Introduction {#sec1}
============

Liver cancer is the second leading cause of absolute years of life lost according to the Global Burden of Disease study.[@bib1] In China, liver cancer ranks second among cancer-related mortalities.[@bib2] Hepatocellular carcinoma (HCC) accounts for 85--90% of patients with liver cancer. Most patients are not amenable to curative therapies because they were diagnosed at an advanced stage or complicated with advanced liver disease. However, curative treatment is the first choice for the treatment for HCC, because it presents the best chance for long-term survival. Curative therapies for HCC include liver transplantation, liver resection, and ablation. As the pattern of tumor recurrence following liver transplantation is different from that following liver resection or ablation, only the adjuvant therapies after liver resection or ablation are discussed in this review.

Although the recurrence rate is as high as 70% in 5 years after curative surgery,[@bib3] there are no widely accepted adjuvant therapies for HCC, and the guidelines from the American Association for the Study of Liver Disease and the European Association for the Study of the Liver do not recommend any adjuvant therapies.[@bib4]^,^[@bib5] Investigator-initiated clinical studies suggested that interferon (IFN)-α,[@bib6] chemokine-induced killer cells,[@bib7] transcatheter chemoembolization (TACE),[@bib8] and anti-hepatitis B virus (HBV) agents[@bib9]^,^[@bib10] lower the incidence of tumor recurrence and/or prolong survival in patients after curative therapies for HCC; however, all the registered studies, including sorafenib,[@bib11] PI-88,[@bib12] and CMS-024, failed to extend recurrence-free survival (RFS). Recently, the face of systemic therapy for advanced HCC was largely changed by several molecular targeted agents and anti-PD-1 antibodies.[@bib13] More and more pharmaceutical companies are focusing on the development of adjuvant therapies. In this review, we review the current status of adjuvant therapies for HCC, and try to explain the challenges and opportunities associated with the development of an adjuvant therapy.

The rationale of adjuvant therapy {#sec2}
=================================

Generally, post-operative tumor recurrence includes intrahepatic tumor metastasis from the primary tumor (type 1 recurrence) and de novo carcinogenesis in the remnant liver tissue (multi-centric occurrence, type 2 recurrence) because of hepatitis or liver cirrhosis from any cause ([Fig. 1](#fig1){ref-type="fig"}). Type 1 recurrence usually appears within 1 or 2 years after resection and is associated with the aggressiveness of the primary tumor; type 2 recurrence may occur later, usually after 1--2 years, and is associated with underlying liver disease.[@bib14]^,^[@bib15] The different risk factors for the two types of recurrence suggested that the target should be different when designing adjuvant therapy for each. For intrahepatic metastasis, the primary strategy should target disseminated tumor cells that have spread from the primary tumor.[@bib16] For de novo carcinogenesis, the strategy is to control the progression of hepatitis or cirrhosis ([Table 1](#tbl1){ref-type="table"}). An adjuvant therapy targeting type 2 recurrence is not generally suitable for HCC with various etiology. For example, oral anti-HBV nucleotide (nucleoside) analog (NA) decreased tumor recurrence rate for HBV-related HCC,[@bib9]^,^[@bib10]^,^[@bib17] but not for hepatitis C virus (HCV)-related HCC or HCC without hepatitis virus infection.Figure 1Two putative types of tumor recurrence after curative therapy for hepatocellular carcinoma. After surgical removal or ablation of primary tumors, there are two putative types of tumor recurrence. The first one was the growth from the disseminated tumor cells that have been spread from the primary tumor before curative therapy (type 1 recurrence). The other one was from de novo carcinogenesis in the residual liver because of hepatitis or liver cirrhosis (type 2 recurrence).Fig. 1Table 1The strategies to be applied to prevent type 1 and type 2 tumor recurrence.Table 1Type 1 recurrenceType 2 recurrenceKey mechanismGrowth of disseminated micro-metastasisde novo carcinogenesisTarget populationpatients with a high risk of disease recurrenceall patients, especially patients with low risk of disease recurrenceTypes of treatmentantitumor agents, without regarding for etiologyanti-inflammation agents in the residual liver, concerning the etiology (viral hepatitis or other)Treatment periodshort, 1--2 years after surgerylong, life-longTreatment-related toxicity eventstoxicity events could be higherlowExamplestyrosine kinase inhibitor, anti-PD-1 antibodyanti-HBV agents, agents with anti-inflammation effects

The current status of adjuvant therapies {#sec3}
========================================

Although many guidelines do not recommend any adjuvant treatment, the investigator-initiated studies did suggest that some medicines effectively prolong the RFS or overall survival (OS) for HCC patients who underwent curative therapies. All the treatments evaluated as adjuvant therapy for HCC are listed in [Table 2](#tbl2){ref-type="table"}, including systemic therapy (tyrosine kinase inhibitor \[TKI\], IFN, chemotherapy, immunotherapy, and anti-HBV agents), locoregional therapy, traditional Chinese medicine, radiotherapy, and other regimens.Table 2Randomized clinical trials that evaluated an adjuvant therapy for hepatocellular carcinoma.Table 2Types of treatmentArmsNo. of patientsImproved RFS[a](#tbl2fna){ref-type="table-fn"}Improved OSRef.TKIsorafenib vs. placebo1114nono[@bib11]muparfostat (PI-88) vs. placebo519no--[@bib67]peretinoin vs. placebo377no--[@bib68]IFNIFN-α vs. no treatment, for HBV-related HCC236noyes[@bib6]IFNα-2b vs. no treatment, for viral hepatitis-related HCC268nono[@bib69]IFNα vs. no treatment, for HCV-related HCC30yes--[@bib70]IFNα-2b vs. no treatment,86nono[@bib21]ChemotherapyCapecitabine vs. no treatment60yesno[@bib71]tegafur/uracil vs. no treatment117nono[@bib72]tegafur/uracil vs. no treatment159nono[@bib73]epirubicin + carmofur vs. no treatment56nono[@bib74]ImmunotherapyCIK vs. no treatment230yesyes[@bib7]autologous dendritic cells vs. no treatment156nono[@bib75]CIK vs. no treatment200nono[@bib76]CIK 3 courses vs. CIK 6 courses vs. no treatment127yesno[@bib77]Autologous formalin-fixed tumor vaccine vs. no treatment41yesyes[@bib78]Adoptive immunotherapy vs. no treatment150yesno[@bib79]recombinant interleukin-2 and lymphokine-activated killer cells + adriamycin vs. adriamycin alone24nono[@bib80]Locoregional therapyTACE vs. no treatment280yesyes[@bib8]TACE vs. no treatment250yesyes[@bib24]TACE vs. no treatment115yesyes[@bib81]HAIC vs. no treatment135yes--[@bib82]epirubicin hydrochloride + TACE vs. no treatment66nono[@bib83]pre- and post-operative targeting locoregional chemotherapy-immunotherapy vs. no treatment36yes--[@bib84]TCMHuaier granule vs. no treatment1044yesyes[@bib85]Intravenous Cinobufacini + oral Jiedu granule vs. TACE364yesyes[@bib86]Radiotherapyexternal beam radiotherapy vs. no treatment119nono[@bib87]iodine-125 brachytherapy vs. no treatment68yesyes[@bib46]intra-arterial iodine-131-lipiodol vs. single unlabeled lipiodol58yesno[@bib88]intra-arterial iodine-131-lipiodol vs. no treatment103nono[@bib89]intra-arterial iodine-131-lipiodol vs. no treatment43yesyes[@bib90]^,^[@bib91]Anti-HBVtelbivudine vs. no treatment, for serum HBV-DNA \< 2000 IU/mL200yesyes[@bib18]adefovir vs. no treatment, for serum HBV-DNA \> 2000 IU/mL200yesyes[@bib9]Lamivudine, adefovir dipivoxil, or entecavir vs. no treatment, for serum HBV-DNA \> 500 copies/mL163yesyes[@bib10]Othersvitamin K2 analog (menatetrenone) vs. no treatment101yesno[@bib92]polyprenoic acid vs. placebo89yes--[@bib93][^1][^2]

Oral anti-HBV agents {#sec3.1}
--------------------

A longitudinal study that included a randomized clinical trial (RCT) found that post-operative nucleotide (nucleoside) analog (NA) use decreased tumor recurrence and decreased the incidence of HCC-related death[@bib10] in HCC patients with serum HBV-DNA \> 500 copies/mL who underwent curative surgery. Another RCT conducted in the same center found that adefovir for patients with serum HBV-DNA \>2000 IU/mL[@bib9] or telbivudine for those with serum HBV-DNA \< 2000 IU/mL[@bib18] also prolonged RFS and OS in patients with HBV-related HCC. NA is now the standard of care for chronic hepatitis B patients with positive serum HBV-DNA and HCC. For HBV-related HCC patients with active HBV replication, NA therapy initiated before surgery is now a clinical routine for the purpose of not only lowering the incidence of perioperative reactive of HBV but also lowering the rate of HCC recurrence after surgery.[@bib19]

Interferon (IFN)-α {#sec3.2}
------------------

In preclinical studies, IFN-α was found to decrease the incidence of tumor recurrence after removal of orthotopically implanted liver tumors.[@bib20] Then, an RCT was conducted in patients who underwent curative resection for HBV-related HCC, and found that adjuvant IFN-α prolonged OS (63.8 vs. 38.8 months, *p* = 0.0003) and RFS (31.2 vs. 17.7 months, *p* = 0.142) compared with those without adjuvant therapy after surgery.[@bib6] In another RCT conducted in Hong Kong, China, IFN-α also showed a trend to prolong the survival time of patients with HBV-related HCC after surgery.[@bib21] In a meta-analysis of 9 RCTs and 5 cohort studies, IFN was found to decrease the mortality and recurrence rates in HCV-related HCC, and to decrease mortality but not reduce the recurrence rate in HBV-related HCC.[@bib22] A subsequent study revealed that patients whose tumors had low microRNA-26 expression had a better response to adjuvant IFN-α therapy than those who had high expression of microRNA-26.[@bib23] Based on these findings, another multi-centric RCT was conducted in patients with low expression of microRNA-26 in the resected tumor samples (NCT01681446).

Transcatheter arterial chemoembolization (TACE) {#sec3.3}
-----------------------------------------------

TACE is the standard of care for patients with intermediate-stage HCC. There\'s some rationale for TACE to prevent tumor recurrence, e.g., TACE in a combination of digital subtraction angiography and chemo-embolism, therefore, post-operative TACE could find the residual lesions that could not be detected by MRI or CT scan, and immediately embolism could prevent the residual lesion from growing into a clinically visible tumor. In a single-center RCT, patients with HBV-related HCC who had an intermediate or high risk of recurrence after curative surgery were randomized to receive adjuvant TACE therapy or no therapy. Patients who received adjuvant TACE had a higher 3-year RFS (56.0% vs. 42.1%, *p* = 0.01) and a higher 3-year OS rate than those in the control group (85.2% vs. 77.4%, *p* = 0.04).[@bib8] Another single-center RCT in patients with a solitary tumor ≥5 cm and microvessel invasion also found that adjuvant TACE improved RFS (17.45 vs. 9.27 months, HR = 0.70, *p* = 0.020) and OS (44.29 vs. 22.37 months, HR = 0.68, *p* = 0.029).[@bib24] Based on these two studies, adjuvant therapy with TACE has become the standard of care for patients with a high risk of tumor recurrence after surgery in some centers.

Anti-PD-1 antibodies {#sec3.4}
--------------------

Two anti-PD-1 antibodies, nivolumab and pembrolizumab, have been approved for second-line treatment of advanced HCC by the U.S. Food and Drug Administration, based on the results of two single-arm studies.[@bib25]^,^[@bib26] Both of these agents demonstrated an objective response rate (ORR) for advanced HCC of about 14%--20% (RECIST v1.1) as a first or second-line treatment with a much lower grade 3 or higher treatment-related adverse effects (19%--26%) than TKIs (sorafenib, 50%; cabozantinib, 68%[@bib27]^,^[@bib28]). However, in the placebo-controlled study (KEYNOTE-240) pembrolizumab as a second-line treatment failed to show statistical significance to improve OS or RFS compared with a placebo.[@bib29] Also, in the head-to-head RCT, CheckMate-459, where nivolumab was compared with sorafenib as first-line therapy for advanced HCC, it failed to improve OS.[@bib30] Although both anti-PD-1 antibodies failed at their primary endpoints, they did show anti-tumor efficacy and low toxic profile in the phase 3 trials, which were consistent with the findings from the single-arm studies. In the CheckMate 459 study, the frequency of grade 3 or 4 adverse events in the nivolumab arm were about half that of the sorafenib arm (22% vs. 49%).[@bib30] Quality of life also significantly favors nivolumab at almost all the time points. Therefore, anti-PD-1 antibodies may be ideal as adjuvant therapies. In fact, almost all the ongoing phase 3 clinical trials for adjuvant therapies ([Table 3](#tbl3){ref-type="table"}) evaluate an anti-PD-1 antibody with or without an anti-angiogenic agent. Both nivolumab and pembrolizumab were investigated as adjuvant therapy for HCC ([NCT03383458](NCT03383458){#intref0010} and [NCT03867084](NCT03867084){#intref0015}). For other solid tumors, immune checkpoint inhibitors (ICIs) have been approved as adjuvant therapy---for example, ipilimumab (an anti-CTLA4 antibody) and pembrolizumab have been approved for melanoma.[@bib31]^,^[@bib32] It has been predicted that, in the HCC market, adjuvant therapy will account for a half of nivolumab\'s total sales in 2027.[@bib33]Table 3The ongoing phase 3 clinical trials evaluating an adjuvant therapy for hepatocellular carcinoma.Table 3TrialArmsClinicaltrials.gov identifierSponsorCheckMate 9DXnivolumab vs. placebo[NCT03383458](NCT03383458){#intref0030}BMSKEYNOTE-937pembrolizumab vs. placebo[NCT03867084](NCT03867084){#intref0035}MSDEMERALD-2durvalumab + bevacizumab vs. durvalumab + placebo vs. placebo[NCT03847428](NCT03847428){#intref0040}AstraZenecaJUPITER 04toripalimab (JS001) vs. placebo[NCT03859128](NCT03859128){#intref0045}JunshiIMbrave050atezolizumab + bevacizumab vs. no therapy[NCT04102098](NCT04102098){#intref0050}Roche

The combinational use of neoadjuvant therapy and adjuvant therapy with ICIs produced a remarkable pathological complete response rate. In a phase II study evaluating nivolumab with or without ipilimumab in patients with resectable HCC, the rate of pathologic complete response was 4/14 (29%), with 2 cases in the monotherapy with nivolumab group and 2 cases in the nivolumab plus ipilimumab group.[@bib34] As therapy with ICIs is entering the neoadjuvant and adjuvant settings for other resectable solid tumors, such as lung cancer, melanoma, and glioblastoma,[@bib35], [@bib36], [@bib37], [@bib38] the usage of these agents may be expanded to more settings in the treatment of HCC.

Molecular-targeted agents {#sec3.5}
-------------------------

Although several molecular targeting agents have been approved for advanced HCC, the development as adjuvant therapy did not go as expected. The failure of the STORM trial, which evaluated sorafenib as adjuvant therapy in patients who have undergone curative surgery or ablation,[@bib11] cast a shadow over the development of adjuvant treatment. The STORM trial is the largest clinical trial to date for adjuvant therapy in the field of HCC. In the STORM trial, 1114 patients who underwent curative treatments were assigned to sorafenib or a placebo group. As for the primary endpoint, the median RFS was not different between the two groups (33.3 vs. 33.7 months, HR = 0.940, *p* = 0.26). "Wrong stage and wrong dose" were the major criticisms for this trial.[@bib39] When the trial was started, sorafenib was the only approved agent for advanced HCC. Nowadays, there are several other choices for advanced HCC, including lenvatinib,[@bib40] regorafenib,[@bib28] cabozantinib,[@bib27] and ramucirumab.[@bib41] Lenvatinib has a more potent antitumor activity in comparison with sorafenib (the ORR was 40.6% for lenvatinib compared with 12.4% for sorafenib, as evaluated by masked independent imaging review, per mRECIST[@bib42]). Ramucirumab has a high safety profile; treatment discontinuation because of adverse events were recorded in 18% of the patients, and hypertension and hyponatremia were the only grade 3 or higher treatment-emergent adverse events of 5% or more.[@bib43] In comparison with sorafenib, lenvatinib and ramucirumab may be more suitable for expansion to adjuvant use. However, neither agent is under investigation as adjuvant therapy.

The development of a TKI as an adjuvant therapy also seems unlikely for other solid tumors. The NCCN guidelines for other gastrointestinal cancers, including esophageal and esophagogastric junction cancers, gastric cancer, pancreatic adenocarcinoma, colon cancer, and rectal cancer, did not recommend any TKI as adjuvant therapy after curative therapy. The effects of adjuvant treatment with sunitinib for renal cancer carcinoma were also not conclusive. Although the S-TRAC trial established that a 1-year treatment with sunitinib significantly prolonged the RFS for patients who underwent nephrectomy for renal cancer carcinoma,[@bib44] experts did not recommend patients receive adjuvant therapy because of the discrepancy between the S-TRAC trial and the ASSURE trial and because of adverse events with sunitinib.[@bib37] We should also balance the benefit and the toxicity of a TKI in the adjuvant setting for an individual patient.

Chemotherapy and radiotherapy {#sec3.6}
-----------------------------

In contrast to other solid malignancies, chemotherapy plays a limited role in the treatment of advanced HCC, except that oxaliplatin plus fluorouracil/leucovorin (FOLFOX4 regimen) was found to prolong patient survival with borderline significance compared with doxorubicin.[@bib45] As summarized in [Table 1](#tbl1){ref-type="table"}, chemotherapy with capecitabine, tegafur/uracil, or epirubicin plus carmofur were investigated as adjuvant treatment; however, all of them failed to prolong patient survival and only capecitabine was found to prolong patient RFS.

External radiotherapy has no role in adjuvant therapies for HCC. However, when localized radiotherapies are introduced, such as localized implantation with radioactive seeds[@bib46] or trans-arterial radioembolization, they may prolong patient RFS and/or OS with controversial data ([Table 1](#tbl1){ref-type="table"}).

The major concerns in designing a clinical trial evaluating an adjuvant therapy {#sec4}
===============================================================================

All the registered trials in adjuvant settings with a large sample size failed at their primary endpoint. Based on the data of these negative studies and positive trials for other solid tumors, we will discuss the major concerns in designing a clinical trial for adjuvant therapy for HCC. We will discuss these questions based on the PICO framework[@bib47] with modification.

Patient selection {#sec4.1}
-----------------

Patients who have undergone curative therapy, including surgical resection or ablation, without residual tumor on imaging examination, should be the target population in a trial for adjuvant therapy. However, these patients are quite heterogenic, with different levels of risk of tumor recurrence.

Risk stratification. Although "high risk" or "intermediate risk" of tumor recurrence was used in different adjuvant clinical trials, the criteria of risk stratification were different. In general, large tumor size, multiple nodules, microvessel or gross vascular invasion, and pre-operative elevated serum alpha-fetoprotein were widely accepted risk factors for recurrence. However, there is no consensus on risk stratification. Our retrospective study has found that a "Shanghai Score"[@bib48] that integrated 14 clinical parameters could stratify patients with different risks of disease recurrence, and only patients with high risk could benefit from adjuvant TACE, while patients with moderate or high risk could benefit from adjuvant IFN-α. In the design of prospective clinical trials, the scoring system could be integrated into patient stratification, and the score could also be employed to identify a history control for a single-arm phase Ib-II study.

Molecular stratification for targeted therapies. The risk stratification system based on clinicopathological features was a compromise. In the era of targeted oncogene therapy, the ultimate aim was molecular stratification based on the diver oncogene. Currently, this stratification seems unrealistic because there are also no well-accepted molecular stratifications for the approved agents for advanced HCC, including anti-angiogenic agents or anti-PD-1 antibodies. Although some features were found to predict the efficacy of anti-PD-1 antibodies, including PD-L1 expression in tumor tissue and tumor mutation burden, none of them could predict the efficacy in HCC. Ji et al studied the pooled tumor tissue from two RCTs evaluating IFN-α as adjuvant therapy[@bib6]^,^[@bib21] and found that microRNA-26 expression could predict the effects of IFN-α.[@bib23] However, these results need to be validated in a prospective clinical trial (NCT01681446).

A larger sample size. The sample size of an adjuvant trial is always larger than a trial for systemic therapy for advanced disease. For example, in a trial for pembrolizumab for advanced stage melanoma, where active control was used as a control, the sample size for each arm was 278[@bib49]; in the adjuvant settings, a placebo was used as a control, and the sample size for each arm was more than 500.[@bib31] Also, in a clinical trial in which ipilimumab was compared with active control for advanced melanoma, the sample size was 137,[@bib50] whereas in the adjuvant settings, where a placebo was used as the control, the sample size of each arm was 476.[@bib32] In a trial in which sunitinib was compared with active control for advanced renal cell carcinoma, the sample size was 375,[@bib51] whereas in advanced settings, where a placebo was used as the control, the sample size for each arm was 308--647.[@bib44]^,^[@bib52] At the follow-up period in a clinical trial, if the RFS in the control arm is 50%, the anti-recurrence effects of an investigated agent will be not useful in another 50% of patients without recurrence. Therefore, in theory, the sample size should be enlarged in an RCT for adjuvant therapy as compared with those for advanced disease. Therefore, multi-centric cooperation is necessary.

Intervention {#sec4.2}
------------

The intervention for intrahepatic metastasis and de novo carcinogenesis should be different ([Fig. 1](#fig1){ref-type="fig"} and [Table 1](#tbl1){ref-type="table"}). To suppress the growth of disseminated tumor cells, an anti-tumor agent should be used; to prevent carcinogenesis, a chemoprevention agent is more appropriate. All the approved agents for advanced or unresectable HCC were anti-tumor agents, with the major mechanism of anti-angiogenic and anti-proliferation effects. These agents may be more suitable to prevent metastasis. However, there are other concerns about adjuvant therapy.

The treatment magnitude of an agent. Although sorafenib prolonged the OS with an HR of about 0.7, the ORR is very low (SHARP study 2%[@bib53] and Oriental study 3.3%[@bib54]). Major anti-tumor effects of sorafenib were shown in the endpoint of progression-free survival. Therefore, the low magnitude may be the crucial drawback of sorafenib when used in adjuvant therapy. Lenvatinib showed a much higher ORR than sorafenib in the REFLECT study---the ORR for lenvatinib is 40.6% vs. 12.4% (mRECIST) or 18.8% vs. 6.5% (RECIST v1.1) as compared with sorafenib.[@bib42] The higher anti-tumor effects of lenvatinib in advanced-stage HCC should rationally converse to higher RFS rates in an adjuvant trial. More recently, the three most intensively studied PD-1 antibodies for advanced-stage HCC with a sample size larger than 100, including nivolumab, pembrolizumab, and camrelizumab,[@bib25]^,^[@bib26]^,^[@bib55] showed an ORR of 13.8%--20% and a more acceptable safety profile than TKIs, and nivolumab and pembrolizumab were tested in phase 3 adjuvant studies, we could expect a positive trial with caution.

Treatment-related toxicity and drug adherence. In the STORM trial, the drug exposure in the advanced stage was similar between the sorafenib and the placebo group (5.3 vs. 4.3 months),[@bib53] whereas in the adjuvant settings the drug exposure was much lower in the sorafenib group than the placebo group (12.5 vs. 22.2 months).[@bib11] Without encouragement from a decrease or maintenance in tumor size or serum tumor markers (alpha-fetoprotein or protein induced by vitamin K absence-II), the patients were more likely to discontinue when toxicity events occurred. Also, the median duration of treatment was much shorter than that of median RFS. In the STORM trial,[@bib11] the duration of therapy was 12.5--22.2 months, whereas the median RFS was 33.3--33.7 months, meaning that most of the recurrence occurred out of drug exposure. In an adjuvant trial, the treatment period was always set at 1--1.5 years. Therefore, patients with a higher risk of recurrence should be recruited to these trials to let more recurrence events occur during exposure to the investigated agent. Longer-term exposure should produce a higher efficacy. For example, for estrogen receptor-positive early breast cancer, adjuvant therapy with endocrine therapy with tamoxifen for 5 years reduced breast cancer mortality. Continuing tamoxifen to 10 years rather than stopping at 5 years further reduced the recurrence rate and breast cancer mortality.[@bib56] Compared with TKIs, an anti-PD-1 antibody seems to be more suitable as an adjuvant therapy because of low toxicity. In the CheckMate-459 study, health-related quality of life of the patients in the nivolumab arm was significantly better than that in the sorafenib arm at almost all time points until 2 years after the initiation of therapy.[@bib30] Therefore, treatment adherence of an anti-PD-1 antibody would be better than sorafenib, and the median duration of exposure was predicted to be more than 1 year.

Furthermore, the biomarker study of the STORM trial revealed that patients with negative pERK seem to benefit from sorafenib treatment, which suggested that the results may be caused by chance.[@bib57] To predict the RFS in these patients was difficult; only tumor pERK staining and microvessel invasion were independently associated with poor prognosis. For those with early-stage HCC, the biomarkers from adjuvant liver tissue were more predictive than those from tumor tissue,[@bib58] suggesting that the non-tumor tissue may play a crucial role in the recurrence of HCC. Therefore, targeting the non-tumor tissue may be another choice for those with type 2 recurrence. Oral anti-HBV NAs were ideal as a chemoprevention therapy to prevent type 2 recurrence.

To this end, ICI seems more suitable than TKI when used as adjuvant therapy. In the treatment of advanced cancers, the duration of response of an ICI was always much longer than those of a TKI mainly because the activated T cells can maintain memory of their target.[@bib59] When an anti-PD-1 antibody was used as adjuvant therapy, continuing separation of the survival curve could be observed after the discontinuation of treatment. When adjuvant pembrolizumab for resected melanoma was stopped after 1 year, the cumulative survival curves of RFS continue to separate without a crossover,[@bib31] indicating the memorial effects of anti-PD-1 antibodies. The efficacy of TKIs may manifest when the treatment is ongoing; however, after drug discontinuation, the anti-recurrent effects did not sustain. Also, in the adjuvant therapy for melanoma, the cumulative survival curve of RFS crossed over after TKI discontinuation after 1 year.[@bib60] Adjuvant sunitinib or pazopanib for renal cancer carcinoma also showed a similar trend.[@bib44]^,^[@bib61]

Comparison/control {#sec4.3}
------------------

There\'s no standard of adjuvant therapy, and international guidelines do not recommend any adjuvant therapy. Nowadays, in the design of clinical trials for adjuvant therapy, a placebo or no treatment could be used as a control. However, in clinical practice, different centers may incorporate different adjuvant therapies for the management of patients with a high risk of tumor recurrence after surgery based on their single-center studies, especially for the centers where TACE, chemokine-induced killer cells, or other anti-tumor therapies have been proven to prevent tumor recurrence effectively. In the conduction of a clinical trial of adjuvant therapy, we should persuade the investigators to accept no treatment or placebo as a control. Or, the randomization should be at the ratio of 2:1, to encourage more patients to participate in an adjuvant trial.

Outcome: RFS {#sec4.4}
------------

Adjuvant therapies aim to decrease the incidence of tumor recurrence, including intrahepatic and extrahepatic metastasis, or to prolong long-term survival. To prolong patient survival is the gold standard of anti-tumor therapy. However, RFS is a well-accepted surrogate outcome in an adjuvant trial because treatment strategies vary widely after tumor recurrence, which dilutes the effects of adjuvant therapy.

Recurrence or death are two major events for the evaluation of RFS, and in most patients recurrence occurs first. Therefore, the diagnosis of tumor recurrence should be done with care, and a follow-up plan should be strictly implemented. In registered studies, a blinded independent central review is always incorporated. However, due to limited resources, blinded independent central review is not always available in an investigator-initiated clinical trial. In most clinical trials, the diagnosis of recurrence was referred to the guidelines of the diagnosis of HCC. However, serial evaluation of imaging study with or without serial serum tumor marker increase, the diagnosis of tumor recurrence may find lesions less than 1 cm. For studies with an arm with no treatment, the follow-up plan should be the same as the treatment arm in order not to delay the recurrence diagnosis and therefore delay the RFS time in the control arm.

Adjuvant therapy for Chinese patients {#sec5}
=====================================

China has the highest tumor burden of HCC in the world. New cases of liver cancer in China (370,000 in 2015[@bib62]) make up more than half of the new cases per year globally (597 thousand).[@bib63] Although the age-standardized incidence rate of liver cancer has decreased in China because of the prevention of HBV infection,[@bib64] more patients were diagnosed at an early stage, and with the advances of surgical technique, more patients will receive curative therapy. According to Chinese guidelines for the diagnosis and treatment of liver cancer,[@bib19] some patients in the BCLC B stage (Chinese stage IIa and IIb) or partly BCLC C stage (Chinese stage IIIa) are candidates for liver resection. These patients are at a higher risk of disease recurrence than patients with BCLC 0 or A stage, and adjuvant therapies for these patients are of higher value. Indeed, Chinese investigators have found various treatments that could be used as adjuvant therapy.

Most Chinese patients have an HBV infection background. Anti-HBV therapy is now widely used in HBV-related HCC patients in China. The REFLECT trial showed lenvatinib might be more effective in hepatitis B virus-infected HCC patients,[@bib42] whereas sorafenib may be more effective in hepatitis C virus-infected HCC patients.[@bib65] In the phase 3 trial of cabozantinib for second-line therapy for advanced HCC,[@bib27] the HR for death was 0.69 in HBV-related HCC patients and 1.11 in HCV-related HCC patients, which suggests that cabozantinib may be more potent for HBV-related HCC. These two agents may be more suitable for HBV-related HCC patients used as a neoadjuvant or adjuvant therapy.

Prospects {#sec6}
=========

HCC is different from other malignancies because the major etiology varies widely among different regions. There is no world widely accepted adjuvant therapy for HCC. Agents targeting type 2 recurrence should be different among various etiologies, whereas agents targeting type 1 recurrence (intrahepatic metastasis) should be universally applicable among different etiologies. As ongoing phase 3 trials are conducted ([Table 3](#tbl3){ref-type="table"}), we hope that there will be one approved adjuvant therapy for HCC shortly. Four anti-PD-1 antibodies with low price tags manufactured by Chinese pharmaceutical companies make these drugs more affordable for Chinese patients. An anti-PD-1 antibody, toripalimab, is under investigation as adjuvant therapy for HCC in China ([NCT03859128](NCT03859128){#intref0020}). Also, donafenib, a TKI, showed more potent anti-tumor efficacy than sorafenib in a phase 3 study for patients with advanced HCC (NCT02645981).[@bib66] We also expect that a more widely available adjuvant therapy is coming to Chinese patients. These anti-tumor agents may help to lower the incidence of type 1 recurrence. Anti-HBV agents are now intensively used for patients with HBV-related HCC in China; therefore, type 2 recurrence is expected to be lower in the near future.
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[^1]: RFS, recurrence-free survival; OS, overall survival; TKI, tyrosine kinase inhibitor; TCM, traditional Chinese medicine; TACE, transcatheter chemoembolization; CIK, chemokine-induced killer cells.

[^2]: If RFS was not reported, recurrence rate or time to recurrence were evaluated.
